Polarization effects and charge transfer in the KcsA potassium channel.
The electronic structure of the selectivity filter of KcsA K(+) channel is investigated by density functional theory (DFT/BLYP) and QM/MM methods. The quantum part includes the selectivity filter, which is polarized by the electrostatic field of the environment treated with the Amber force field. The details of the electronic structure were investigated using the maximally localized Wannier function centers of charge and Bader's atoms in molecules charge analysis. Our results show that the channel backbone carbonyl groups are largely polarized and that there is a sizeable charge transfer from the backbone to the cations. These effects are expected to be important for an accurate description of the carbonyl groups and the ion-ion electrostatic repulsion, which have been proposed to play a central role for the selectivity mechanism of the channel [S.Y. Noskov, S. Berneche, B. Roux, Control of ion selectivity in potassium channels by electrostatic and dynamic properties of carbonyl ligands. Nature 431 (2004) 830-834].